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ABSTRACT 


5r.  i  i  s  pvoducinq  tract-'s  in  rhe  atmosphere  are  identii'ied 
trieii  surface  meteoroioqical  parameters  are  specified. 

!  •  ;  rv.  e--n  case  studies  -are  presented  with  satellite  imagery, 

-  -  I icf  1  c  Ciscussioii  and  suiface  meteorological  p-arameters. 

composite  "environment*'  is  derived  from  reported  surface 
■ 'O t e cr o log ica 1  parameters  and  is  compared  with  ciimatologi- 
j  conditions  of  the  region,  showing  that  significant 
r  pji  ;,.ui  -vs  from  normal  conditions  do  not  occur.  No  clear 
i  ji'.-:  f  --jt  i  on  mechanism  is  suggested  in  a  relationship  between 
;  •  i a r  i  ■-'•i  wino  and  separation  distance  of  ship  and  ship 
)  :  acK  ,  ir.irJicating  a  complex  relationship  of  generation 
.■•chan  i  i  ms  .  Although  a  limited  study,  a  firm  foundation  is 
n.-v  iii  place  for  further  research  into  ship  track  genesis. 
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I.  INTRODUCTION 


t.racks  were  first  observed  by  Conover  in  19t-5. 
k'oiiO%’ei'  presents  background  and  possible  explanations 

irr  oLsei ved  "anomalous  cloud  lines".  While  cataloging 
.:,y;iOptiC  weatner  in  the  vicinity  of  ship  tracks,  Conover 
1 _und  two  whips  that  closely  matched  the  position  of  ob- 
O’i^rveJ  cioud  lines.  He  went  on  to  identify  the  surface 
11' o-t ecu  -logical  parameters  of  these  two  ships.  Although  the 
earn-  surlace  meteorological  parameters  are  reported  on  in 
CM;,  thesis,  tne  approach  is  different.  Instead  of  looking 
1  :i  v>'-_-ather  reports  in  the  area  of  a  ship  track,  this  thesis 
.-.,pr.o’ 1  f  .1  ca  i  i  >  identifies  the  platform  generating  the  ship 
T2.:ici.  31'.::  its  surface  meteorological  parameters. 

The  intent  of  this  thesis  is  to  confirm  ship  and  ship 
track  coexistence  and  to  identify  the  surface  meteorological 
t ai amet ei s  in  the  presence  of  a  ship  track.  To  this  end, 
tr,  irteen  case  studies  of  surface  weather  reports  from  iden- 
ifiec  ship  tracks  are  presented  and  evaluated. 

T.'ieie  are  many  reasons  to  study  the  surface  meteorological 
ijianotaiw  of  ship  tracks.  However,  two  stand  out  as  sig- 
,'..1  leant.  First,  the  effect  of  clouds  in  the  earth's  radia- 
Mon  budget  is  quite  important.  By  further  understanding 
Che  surface  meteorological  parameters  that  can  alter  cloud 
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tjdiativt  f,  roper  t  icrii ,  radiation  budget  models  would  be 
b-.'tter  able  to  predict  areas  oi  increased  reflectivity 
'  oai' 1  ey  et .  al., 

oec'.r.diy,  and  i.o  less  important,  is  the  identification  of 
suiiace  meteorological  parameters  which  would  lead  to 

i  1  -  yener  at  1  on  of  ship  tracks.  This  has  obvious  tactical 
.  sr  i.  i  icaL  ions .  which  will  not  be  discussed  in  this  thesis. 

Coa);it  v'  et  al  .  (i9S7:>,  shows  that  cloud  condensation 

rnji-iei  >  CCh  .  from  ship  exhaust  increases  numbers  of  droplets 
.nid  IS  consistent  with  a  decrease  in  droplet  size.  Hindman 
'  ■  also  describes  the  contribution  of  both  the  ship's 

j.  .■l'•e^.tafl■  wake  (air  wake^  and  plume  dynamics  in  the  perturba- 
of  the  mai me  boundary  layer'.  Cook  and  Chaddock  (1964; 
ir.ed  Wind  tunnel  tests  that  showed  significant  turbu- 
ierice  astern  of  an  underway  ship. 

The  resultant  dip  in  droplet  size  yields  an  increase  in 
I  ef  -  C'Ct  1 V 1  ty  at  3.7  microns  (channel  3  of  the  NDAA  series 
1  it-i  1 1  os.>  .  The  downward  shift  in  droplet  size  and  the 
::'.cieaoe  iu  channel  3  reflectivity'  have  been  observed  (Fig. 
i:  ai.d  IS  we-ii  documented  (Twomey,  1977;  Coakley  et .  al., 

-0  7;  .ting  c-t .  al  .  ,  1990).  It  is  this  change  in  channel  3 

1  _-i  loctivi  ty  that  makes  the  ship  track  identifiable  from  the 
cf'T'ieiit  background  cloud. 

hiti.ougl’i  ship  tracks  tiave  been  observed  in  many  areas 
wcridwice  'Salvato,  1992',  this  thesis  specifically  studies 
o^.  jp  tracks  in  the  Pacific  Ocean  off  the  west  coast  of  the 
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Fig.  1.  Channel  3  r«f i*ct«nc*  vs.  dropl*t  mizm:  (after 
Kineart,  19e&) 

■JiiiteJ  States.  Ship  tracks  were  ob:)ectively  located  in 
Nj/./.-S  anc  f.C'/.A-lCi  AVHF.F-  aata.  The  period  of  study  was  2'? 
June-18  July  ISt?.  By  utilizing  an  archive  of  ship  weather 
rep'Orts,  which  was  obtained  from  Fleet  Numerical  Oceanogra¬ 
phy  Center,  ship  tracks  were  matched  to  the  position  report¬ 
ed  in  tfieir  respective  synoptic  observations.  These  ship 
tracks  were  further  identified  by  utilizing  various  shipping 
databases  (Bluth,  1992.’. 

Following  a  brief  procedural  discussion,  thirteen  cases 
will  be  presented.  Each  case  study  will  include  a  synoptic 
overview  of  the  eastern  F’acific  region,  a  listing  of  the 
pertinent  surface  meteorological  parameters  reported  by  the 
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i  r.  i  p  ,  -j  n  d  a 
_Deoi  anc»r  in 


p  3 1  a  t  e  r  £  . 


Le  pi esented 
1;  1  -  err  i'  r  s  , 
r  -■  £  -  1  b  1  e  ±  u  t 


comparative  discussion  of  the  shiptrack's  ap- 
the  image  relative  to  the  reported  and  derived 
Finally,  conclusions  and  recommendations  will 
and  will  include  parameter  value  ranges,  possi- 
and  distance  difference  statistics,  as  well  as 
ure  research  directions. 
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II.  PROCEDURES 


V  !.  ocsd’iie  to  identiiy  the  surface  meteoroioqiciii 
'ii  fill -i  t  .  _  t  ship,  tracks  involved  two  maior  steps.  The 

.  .  1  r:  t  stf:!-  oao  to  oDiectively  analyze  satellite  overpasses 
:  .  -  si.i,  tracks.  The  next  step  was  establishing  the 

.  j‘.i;txt>  ■_  i  the  ship  oy  colocating  the  ship  track  with  the 
--itiOn  lep'orted  in  a  synoptic  observation. 

A.  SATELLITE  DATA 

1.  The  Satellite 

siteiiite  utilized  was  the  NOAA  series  of  polar 
specifically  NOAA-9  and  NGAA-IO.  Both  fly  in  a 
".■••.M  onous  orbit  at  an  altitude  of  5..’5  miles.  This 
;i:igjiutJon  gives  the  possibility  of  coverage  in  the  area 
:  ihCrriest  loui  times  daily. 

2.  The  Sensor 

The  NOAA  satellites  utilize  the  Advanced  Very  High 
••  e r  o  1  ut  j  on  Radiometer  (AVHRR)  to  collect  radiance  data  in 
: . V-  different  wavebands  ^channels).  The  channels  of  inter- 
i;.!  cn^c  thesis  were  channel  1  (visible.  .  5S  -  .  mi- 

-ji  ii.  .  ■:  and  Cihannel  0  (near  infrared,  3.55-0.93  microns  >  . 

;ie  resolution  of  the  AVHRR  instrument  is  1  km  by  1  km  at 
pas^  ceiitei  . 
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3.  Processing 


t' 1' OCc  i  i  1  ii>ri  Was  P'el' ±"C>r  ri'ied  at  tfie  U  ■  .  NSlVai  POs  t.  g  i"  tid  ~ 

j-iti-i  3Ci....C'i  '  ft  I  lit.  tractive!  Digital  Environmentai  Analysis 
IDE.ft  Laboiatory.  Each  case  study  was  originally  derived 
1  :  on  an  ovetpas.s  of  NUAA-E>  or  NOAA-10  AVHRR  data.  Each 
-•r.annel  3  overview  was  inspected  visually  to  identify  ship- 
rracJ'.s  in  the  image.  When  a  candidate  ship  track  was  f^ound, 

-  -.12  r.rii  by  Did  km  subscene  was  generated.  The  final  proc- 
cssinq  step  was  the  "real  mapping"  of  the  ship  track  area 
•  uoLiOiiy  .=  t-  degree  by  6  degree  area  centered  on  the  ship 
tjaiK  of  anterest,'.  This  real  mapping  placed  the  image  on  a 
i.<e:c!fitor  projection. 

B.  SURFACE  METEOROLOGICAL  DATA 

Fleet  Numerical  Oceanography  Center,  Monterey,  California 
■Fi'i'jC-,  maintains  an  active  archive  of  ship  synoptic  weather 
leports.  A  subset  of  this  archive  was  produced  and  utilized 
in  LJie  identif ication  of  ship  tracks. 

Once  candidate  ship  tracks  were  located  in  each  satellite 
overp>ass,  the  position  reported  by  each  ship  in  its  synoptic 
iepiit  was  utilized  to  find  a  platform  that  corresponded  to 
candidate  ship  track.  The  next  step  was  to  quality 
check  the  identification  by  matching  the  overpass  ship  track 
i-'Cation  With  the  extrapolated  ship  position.  This  was 
accomplished  by  utilizing  its  synoptic  location  along  with 
its  coui  se  and  speed.  Once  the  identity  (call  sign.)  was 
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fh  1 'led  then  the  following  surl'ace  meteorological  parame- 

cer:.-  ecu  id  be  identified  ±‘or  that  ship  track; 

Total  cloud  cover  in  octas 

Reported  True  Wind 

Relative  Wind 

Reported  Course  and  Speed 

Sea  Le%’el  Pressure  in  millibars 

Air  Temperature  in  Centigrade 

Eiev^point  Temperature  in  Centigrade 

Water  Temperature  in  Centigrade 

Low  Cloud  Cover  and  Type 

b'  utilising  the  course  and  speed  along  with  reported  true 
ind,  the  relative  wind  (apparent  windl  is  found  with  a 
i-i^plr:-  vector  relation.  Ship  motion  and  winds  are  depicted 
ovi  --ac.h  image  in  the  following  manner: 

'-Direction  of  ship  motion  ► 

--True  wind  direction  1^^^ 

--Relative  wind  direct  ion 

The  area  that  is  most  likely  to  contain  errors  within 
this  ana  lysis,  are  the  meteorological  observations.  Mer- 
-.fiint  ships  do  not  earn  their  money  taking  observations, 
bpecif 1  cal ly ,  sea  surface  temperatures  are  normally  in^ec- 
tjon  temperatures  taken  anywhere  from  ten  to  thirty  feet 
below  the  surface,  depending  on  the  draft  of  the  ship. 
..ISC',  air  temperature  and  dewpoint  are  not  measured  with  the 
oc.entific  accuracy  needed  for  a  rigorous  study.  However, 
this  "general”  data  will  give  a  representative  picture  of 
till-  -hip  track  environment.  Also  the  positions  reported  at 
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sivnoptic  fiiay  not  be  highly  «ccuratt.  However, 

er.-c:'  io  probably  v'lthin  10  nautical  miles  of  truth, 
would  not  impact  identification. 


this 

and 


III.  CASE  STUDIES 


rts  previously  discussed,  each  ship  track  was  ob.Tective.ly 
i Cm-.' a d  in  Nuhtt-9  and  NGAA-lid  overpasses.  These  candidate 
-.hip  tracks  were  next  compared  with  positions  reported  in 
c ynopric  condition  reports.  After  a  quality  check  was 
j  -  co.iif  1  ishea  ,  identif  ication  of  the  ship  track  wa.s  complete 
and  analysis  of  surface  meteorological  conditions  can  take 

•  j,  a  c  ^  • 


A.  3EMB4 

Tne  stiip  jEMB4  was  observed  in  an  overpass  o±'  NOAA-10  at 
itoOC  iocai.>  on  30  June  1987  <.Fig.  2).  Fig.  3  shows 

Mopt ica  1 1  y ,  at  this  time  an  intensifying  upper- level 
t.roich  wa.s  located  off  of  Oregon  and  California.  The  sub- 
tioLic-ai  high  was  located  near  150W,  while  its  southern  lobe 
tended  to  Ba.ia.  The  high  coupled  with  a  strong  thermal 
ii'W  iiiiarid,  produced  northwesterly  winds  throughout  the  area 
,1  interest  (.  Kioesel,  et  al.,  1988).  The  synoptic  report  by 
j.E.kLd  .at  J.8002  (1100  local)  showed  the  following  surface 
id-:  t  c  or  :  i <.:•  j  i c  =  1  pcranieter s  : 


Fig.  2.  Channal  3  Imagary  showing  3EHB4:  1S50Z  on  30  June 
1987. 
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30  June  1987  12Z  NGW  Analyeie:  500  mb  heigr.z 
(top'  and  surface  pressur e /  1 0CJt''-5OO  mb  thicknes 
( bottom )  . 


ri  octas  total  cover 
True  wind  33^1/8 

Relative  wind  deg  etbd  25  kts 

C/3  315/15 

101^.7  mb 

i7C  Ta 

12C  Td 

2iC  Tw 

8  octas  St 

Tne  direction  of  the  ship  track  matches  well  with  the 
leiar.iv'e  wind  direction  and  the  analysis  in  fig.  2.  Also 

t:.e  shiptrack  is  located  in  an  area  of  stratus  within  the 
111  j.je.  wnich  iS  reported  by  the  ship.  The  position  of  the 
.iiip  tj.acK  in  this  image  is  38.17N  128. 8SW,  while  the  posi- 
.derived  from  3EMB4's  synoptic  reports  is  38. 12N 
i  I.  ! .  KiC'd  .  Tills  diflerence  in  positions  is  approximately  8.92 
iicui:  ica.1  ri'iies.  The  identity  of  3EMB4  has  yet  to  be  deter- 
ii'ined  irom  shipping  databases. 


B.  3ELT3 


j  I'l  tr  S  Ti  1  p  3ELT3  was  observed  in  an  overpass  of  NOAA-10  at 
i5J;32  ‘0829  local)  on  1  July  1987  (Fig.  4).  Fig.  5  shows 
:-:y!ript  icui  ly ,  at  this  time  in  response  to  the  intensifying 
upper -level  trough  a  small  surface  trough  developed  at  36N 
;jCi.  With  the  continued  intensification  of  the  inland 
rneimal  low  strong  northwest  winds  continued  throughout  the 
area  of  interest  (Kloesel,  et  al.,  1988).  The  synoptic 
report  by  3ELT3  at  18002  (1100  local)  showed  the  following 
surf-jce  meteorological  parameters: 
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g  5.  1  July  1987  12Z  NGM  Analy»l«:  5oo  mb  height 

an  J  surface  pressure '  10v.’v'''jv'>o  mb  thickness  ( 
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0)  Xi 


tl’  OCtaSl  tot.  cl  1  COVel' 

True  wind  OS't'/io 

Relative  wind  35  deg  port 

C/S  125/15 

1017.5  mb 

20C  Ta 

ibC  Td 

2r>C  Tw 

6  octas  S'c 


15  kt£. 


Trie  direction  oi  the  ship  track  matches  well  with  the 
tei-ativc-  wind  direction  and  the  analysis  in  fig-  4.  Also 
tne  shi ptrack  is  located  in  an  area  of  stratus  within  the 
i mact ,  which  is  reported  by  the  ship.  The  position  of  the 
sriip'  track  in  this  image  is  26.12N  11S.49W,  w’hile  the 

p'-ii  t  ion  derived  from  3ELT2's  synoptic  reports  is  27.95N 
This  diff^erence  in  positions  is  approximately 
.4.01  nautical  miles.  The  identity  of  3ELT3  has  been  deter- 
m.ned  to  be  the  Merchant  Vessel  Diamond  Highway.  This 

vessel  IS  a  large  roll-on  roll-off  (RORO)  car  carrier  that 
i  .s  powered  by  aiesel  engines. 


C.  KSFK 

Tlio  ship  KSFK  was  observed  in  two  successive  overpasses. 
Tr.e  fuse  observation  was  in  an  overpass  of  NOAA-10  at  16472 
''  -e*'  iccal  ‘  on  2  July  1987  (Fig.  6>.  Fig.  7  shows  synopti- 
Oixy.  se  tnis  time  tfie  small  surface  trough  dissipated 
vr.iie  the  southern  lobe  of  the  subtropical  high  spread 
noiLri.  Winds  became  more  northerly  on  this  day  (Kloesel,  et 
li.  l9Sc' ’  .  The  surface  meteorological  parameters  reported 
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Fig.  7.  2  July  1967  12Z  NGK  Analysis:  5t'0  ir.t  heigl^its  (top 

and  surface  pressur  e  /  lOtie- SOO*  mb  thicknes 

( bottom  > • 
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■^r  '1000  local)  by  a  nearby  <  approximately  15  nautical 

1  ■■  -t^atriei'  buoy  wl.eie  as  follows: 

True  Wind  350/5 

Relative  wind  10  deg  port  10  kts 
C/S  145/15 
1 0 1 S . 1  mb 
i  3‘C  T  a 
ICC  Tw 

did  not  begin  to  send  out  synoptic  reports  until 
I  '  ooZ  <  j.' 11^10  local;  4  July  L‘9B7 .  Ship  locations  prior  to 
i  ;.!'  we:  e  cbtained  from  shipping  databases  (Bluth,  1992). 
Tti  Cl  recti  on  of  the  ship  track  matches  well  with  the  rela- 
•.  .ve  vir»d  direction  and  the  analysis  in  fig.  S .  The  posi- 
•:  :  :  n  1  the  ship  track  in  this  image  is  40.79N  125. 49W  while 
t  p-.Sition  derived  from  shipping  databases  is  40.73N 

i_r.4-?V'.  This  difference  in  positions  is  approximately  4.33 
ii^^uticai  miles. 

Ti.e  second  observation  of  KSFK  was  in  an  overpass  of 
,  1C  It  l'sci4Z  '0904  local)  4  July  1987  (Fig. 8).  Fig.  9 

-ii-'wc  sync  pt  ica  1  ly ,  the  axis  of  the  upper- level  trough 
the  coast.  The  surface  trough  reached  the  coast  of 
ji'-ion  arid  Washington,  while  the  subtropical  high  moved 
ire.  The  continued  intense  thermal  low  over  Mexico 
T  -inci  strong  and  northerly  throughout  the  area  of 
lilt -te  it  <f.  ioesel,  et  al.,  1988  >  .  The  synoptic  report  by 
;,3r";-.  at  17cOZ  (1000  local)  showed  the  following  surface 
ri'-te.i.  .logical  parameters: 
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4  July  1987  12Z  NGK  Analysis:  SCO  mb 


~  octaa  total  cover 
True  Wind 

Relative  wind  i?  kts 

C/S  145/15 

leiS.S  mb 

21C  Ta 

iSC  Td 

17C  Tw 

7  octas  St 

T!ie  Oiiection  of  the  ship  track  matches  well  with  the 
wind  direction,  in  this  case  the  ambient  wind  is 
1  iowino  tne  ship  track  "ahead**  of'  the  ship  (Fig.  8).  Also 
ti^.e  shiptiack  is  located  in  an  area  of  stratus  within  the 
ir.'iie,  wnich  is  reported  in  by  the  ship.  The  position  of 
ihe  ship  track  in  this  image  is  3G).98N  118. 39W  while  the 
i;.  oit-''n  derived  from  KSFK's  synoptic  reports  is  31. 0N 
-.-.niW.  This  difference  in  positions  is  approximately  5.53 
.'.duticdi  miles.  The  identity  of  KSFK  has  been  determined  to 
ta  the  Merchant  Vessel  Keystone  Canyon.  This  vessel  is  an 
c i i  tanker  that  uses  geared  steam  turbine  engines  for  pro- 
j.  u  i  ‘1 1  on  . 

D.  NLVS 

'itio  ship  NbVS  was  observed  in  an  overpass  of  NOAA-10  at 
<Chu:'  local'  on  2  July  1987  (Fig. 10).  Fig.  11  shows 
:  VP  L  1  ca  1  i  ■  .  at  this  time  ttie  small  surface  trough  dissi- 
1  ate-j  while  tr.e  southern  lobe  of  the  subtropical  high  spread 
ii_ith.  Winds  became  more  northerly  on  this  day  (Kloesel,  et 

ZM  i  m  i  V C'C  ■  . 
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Fig.  11.  2  July  1987  122  NGM  Analysis:  SOeinb  heights  (top) 

and  surface  pressure/ lC©O~50Ci  mb  thickness 
( bottom ) . 
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The  :i.vnoctic  report  by  NLVS  at  I&C'iCjZ  ciC>fe:i0  local)  showed  the 

foi lowing  surface  meteorological  parameters: 

8  octas  total  cover 
True  wind  ©I'd/ 4 

Relative  wind  10  deg  port  10  kts 
C/5  180/15 

1015.5  mb 
14C  Ta 

No  Td  rep'orted 
14C  Tw 

8  octas  low  Cu 

The  direction  of  the  ship  track  matches  well  with  the 
lelacive  wind  direction  and  the  analysis  in  fiq.  10.  Also 
i.ne  shiptrack  is  located  near  an  area  of  low  cumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
:r.e  ship  track  in  this  image  is  40.91N  125. 4SW  while  the 
position  derived  from  NLVS's  synoptic  reports  is  41.14N 
i..'5.50W.  This  difference  in  positions  is  approximately 
12.85  nautical  miles.  The  identity  of  NLVS  is  the  Coast 
juari  Cutter  Rush.  This  vessel  utilizes  both  gas  turbines 
and  diesel  engines  for*  propulsion. 

E.  3ERV 

The  ship  3ERV  was  observed  in  an  overpass  of  NOAA-10  at 
.-■'j'iZ  '  ogi.'i4  local)  on  4  July  1987  (Fig.  12).  Fig.  13  shows 
.  ■nipt ical iy ,  the  axis  of  the  upper-level  trough  reached  the 
coast.  The  surface  trough  reached  the  coast  of  Oregon  and 
vash^ ngton ,  while  the  subtropical  high  moved  eastward.  The 
continued  intense  thermal  low  over  Mexico  kept  winds  strong 
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4  July  1987  12Z  NGW  Analysis:  50^  mb  heights 
(top'  and  surface  pressure  /  lC0i''-5C'0  mb  thickness 
( bot  tom  '  . 


2€> 


t  r.ei  i  y  ttiroughout  the  area  o±  intereat  (PCioeael,  et 
ai  .  .  The  synoptic  report  by  3ERV  at  1800Z  ^1100 

*oc2l  showed  the  following  surface  meteorological  parame- 
r  e  r  s  : 

8  octas  total  cover 
True  wind  010/18 

Relative  wind  50  deg  port  25  kts 

C/3  120/19 

1015.0  mb 

20C  T  a 

16C  Td 

19C  Tw 

8  octas  3c 

Tiie  direction  of  the  ship  track  matches  well  with  the 
'-.icti-  e  wind  direction  and  the  analysis  in  fig.  12.  Also 
'.ri'.-  of  ir’track  is  located  in  an  area  of  stratocumulus  within 
lir.-  itiiige,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  26.61N  119. 54W,  while  the 
poiition  derived  from  SERV's  synoptic  reports  is  26.57N 
ij9.5dW.  This  difference  in  positions  is  approximately  3.39 
nautical  niies.  The  identity  of  3ERV  is  the  Merchant  Vessel 
/'.lit  on  J.O .  This  vessel  is  a  general  dry  cargo  ship  that 
utiiires  direct  drive  oil  engines  for  propulsion. 

F,  JKLO 

lh>.  sfiip  JKLQ  was  observed  in  an  overpass  of  NOAA-10  at 
iCjdZ  (0939  local)  on  7  July  1987  (Fig.  14).  Fig.  15  shows 
t  y  r.or  t  ica  1 1  y  .  zonal  flow  is  observed  at  upper- levels  ,  while 
th-;  subtropical  high  maintains  its  position  into  Oregon  and 
Ca  i  1 1  oi  r;  la  .  Winds  continue  to  be  strong  and  out  of  the 
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Fig.  15.  7  July  1987  122  NCM  Analysis:  5oo  mb  heights 

<tC'p''  and  sujface  pressur e/lOO'C'-Sow’  mb  thicknesa 
<.  bottom  >  . 
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northwest  (Kloesei,  et  al..  19S6>.  The  synoptic  report  by 

.‘KLu  at  iStiOZ  (1100  local)  showed  the  following  surface 

niot  eoi  oiogical  parameters : 

8  octas  total  cover 
True  wind  340/26 

Relative  wind  20  deg  stbd  45  kts 

C/3  300/21 

1022.0  mb 

17C  Ta 

16C  Td 

ISC  Tw 

8  octas  Sc 

The  direction  of  the  ship  track  matches  well  with  the 
ieiat:ve  wind  direction  and  the  analysis  in  fig.  14.  Also 
the  ahiptrack  is  located  in  an  area  of  stratocumulus  within 
ti.t.-  image ,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  30.11N  124. 69W  while  the 
position  derived  from  JKLQ's  synoptic  reports  is  30.06N 
J.24.6SW.  This  difference  in  positions  is  approximately  3.00 
nautical  miles.  The  identity  of  JKLQ  is  the  Merchant  Vessel 
Michigan  Highway,  a  RORO  cargo/vehicle  carrier.  This  vessel 
utilires  oil  .burning  engines  for  propulsion. 

G.  3EJI5 

The  shici  3EJI5  was  observed  in  three  successive  overpass- 
os.  The  first  observation  was  in  an  overpass  of  NOAA-10  at 
1639Z  (0939  local)  on  7  July  1987  (Fig.  16).  Fig.  17  shows 
synoptical ly ,  zonal  flow  is  observed  at  upper-levels,  while 
the  subtropical  high  maintains  its  position  into  Oregon  and 
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Fig.  16.  Channel  3  Imagery  showing  3EJI5:  1639Z  on  7  July 

1987  . 
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Fig. 


17.  7  July  1987  12Z  NC«  Analysis:  mb  heights 

<top>  and  surface  pressur e / 1 0O»?- 50>?  mb  thickness 
c  bottom  ^ . 
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-=-*±oinia.  Winds  continue  to  be  strong  and  out  of  the 

nortriV/ei.t  (Kloesei,  et  al.,  198S)  .  The  synoptic  report  by 

at  ISOoZ  ^1100  local)  showed  the  following  surface 

n  eteci  jiogical  parameters : 

6  octas  total  cover 
True  wind  030/5 

Relative  wind  10  deg  port  50  kts 

C/S  110/26 

1026.0  mb 

19C  Ta 

15C  Td 

leC  Tw 

6  octas  Sc 

Tne  direction  of  the  ship  track  matches  well  with  the 
leiative  wino  direction  and  the  analysis  in  fig.  16.  Also 
t^n--  \;.hiptrack  is  located  in  an  area  of  stratocumu  1  us  within 
image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  34.02N  134. 41W  while  the 
f.'o:iition  derived  from  3EJI5'a  synoptic  reports  is  34.00N 
i _ i . jbW .  This  difference  in  positions  is  approximately  3.79 
n-iutical  miles. 

The  second  observation  of  3EJI5  is  in  an  overpass  of 
MjAA-9  at  22’37Z  (1537  local)  on  7  July  1937  (Figs.  18  and 
1  ■  ,  The  synoptic  report  by  3EJI5  at  0000Z  (1700  local) 

jhoweo  the  following  surface  meteorological  parameters: 
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Fig.  18.  Channel  3  Imagery  showing  3EJI5:  22372  on  7  July 
1987. 
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6  octas  total  cover 
True  wind  030/11 

Relative  wind  20  deg  port  3&  kts 

C/S  110/26 

1024.5  mb 

21C  Ta 

18C  Td 

18C  Tw 

6  octas  Sc 

7  he  direction  o£  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  18.  Also 
the  ahiptrack  is  located  in  an  area  of  stratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  33. ION  132. 18W,  while  the 
position  derived  from  3EJI5's  synoptic  reports  is  33.11N 
131. 96W.  This  difference  in  positions  is  approximately 
13.21  nautical  miles. 

The  third  observation  of  3EJI5  is  in  an  overpass  of 
NOAA-10  at  1617Z  (0917  local)  on  8  July  1987  (Fig.  20). 
Fig.  21  shows  synoptical ly ,  the  zonal  upper-air  flow  contin¬ 
ues,  while  the  subtropical  high  intensified  into  Oregon  and 
Washington.  The  winds  continue  to  be  out  of  the  north 
throughout  the  area  (Kloesel,  et  al.,  1988).  The  synoptic 
leport  by  3EJI5  at  1800Z  (1100  local)  showed  the  following 
surface  meteorological  parameters: 
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Channel  3  Imagery 

19'7  . 


_-r  - 

-S_  .  ..rr 

-  *  ,■£  if  iwiia 

8  July  1987  12Z  NGH  Analysis:  SCO  mb  heights 
(top)  and  surface  pressure/100»3-5Oia  mb  thickness 
( bottom )  . 


8  octas  total  cover 
True  wind  350/21 

Relative  wind  50  deg  port  25  kts 

C/S  110/25 

1019.5  mb 

20C  Ta 

16C  Td 

19C  Tw 

6  octas  Sc 

Tne  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  20.  Also 
the  shiptrack  is  located  in  an  area  of  atratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  30.39N  125. IIW,  while  the 
position  derived  from  3EJI5'a  synoptic  reports  is  30.35N 
125. 17W.  This  difference  in  positions  is  approximately  4.33 
nautical  miles.  The  identity  of  3EJI5  has  not  yet  been 
determined  from  shipping  databases. 

H.  JOXS 

The  ship  JDXS  was  observed  in  an  overpass  of  NOAA-10  at 
3534Z  <0334  local)  on  10  July  1987  (Fig.  22).  Fig.  23  shows 
synoptical iy ,  the  upper  level  was  oriented  with  a  ridge 
along  140W  and  a  trough  along  118W.  The  surface  pressure 
-iradient  weakened  slightly  as  the  subtropical  high  shifted 
v;-'stward.  Winds  continued  to  be  moderate  and  out  of  the 
north.  (.  Kloesel,  et  al.,  1988).  The  synoptic  report  by  JDXS 
at  1S002  (1100  local)  showed  the  following  surface  meteoro¬ 
logical  parameters: 
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Fig.  22.  Channal  3  Imagery  showing  JDXS:  1534Z  10  July 

1987. 
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8  octas  total  cover 
True  wind 

Relative  wind  25  deg  stbd  35  kts 

C/S  315/15 

1014.2  mb 

19C  Ta 

18C  Td 

No  Tw  reported 
7  octas  Sc 

Trie  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  22.  Also 
the  shiptrack  is  located  in  an  area  of  stratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  31.73N  124. 59W,  while  the 
position  derived  from  JDXS'  synoptic  reports  is  31.77N 
i24.87W.  This  difference  in  positions  is  approximately 
nautical  miles.  The  identity  of  JDXS  is  the  Merchant 
Vessel  Toyofuji  10,  a  RORO  Car  Carrier.  This  vessel  uti¬ 
lizes  a  diesel  engine  for  its  propulsion. 

I.  3EFS5 

The  ship  3EFS5  was  observed  in  an  overpass  of  NOAA-9  at 
2347Z  C1647  local)  on  10  July  1987  <Fig.  24).  Fig.  25  shows 
synoptical ly ,  the  upper  level  was  oriented  with  a  ridge 
along  140W  and  a  trough  along  IISW.  The  surface  pressure 
gradient  weakened  slightly  as  the  subtropical  high  shifted 
westward . 
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Fig.  25.  11  July  1987  09Z  NGH  Analysis:  50o  mb  height 

(top')  end  surface  pressure/10<2>C'i-5C''o  mb  thicknes 
( bottom ) . 
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Winds  continued  to  be  moderate  and  out  of  the  north  <Kloe- 
,  et  ai.,  1988).  The  synoptic  report  by  3EFS5  at  00002 
<1700  local)  showed  the  following  surface  meteorological 
parameters : 

8  octas  total  cover 
True  wind  050/9 

Relative  wind  lO  deg  port  35  kts 

C/5  100/28 

1025.6  mb 

15C  Ta 

1 3C  Td 

14C  Tw 

7  octas  Sc 

The  direction  of  the  sbip  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  24.  Also 
trie  aruptrack  is  located  in  an  area  of  atratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  44.17N  146. 14W,  while  the 
position  derived  from  3EFS5's  synoptic  reports  la  44.12N 
146. 20W.  This  difference  in  positions  is  approximately  4.69 
nautical  miles.  The  identity  of  3EFS5  has  yet  to  be  deter¬ 
mined  from  shipping  databases. 

J .  ELFZ8 

The  ship  ELFZ8  was  observed  in  an  overpass  of  NOAA-9  at 
_53'5Z  V  1635  local)  on  11  July  1987  (Fig.  26).  Fig.  27  shows 
sy nop t ica 1 1 y ,  the  upper  level  ridge  began  to  move  eastward. 
At  the  surface,  the  subtropical  high  remained  stationary 
while  the  inland  thermal  low  began  to  dissipate.  This 
further  reduced  the  offshore  pressure  gradient,  with  winds 


45 


Fig.  27.  12  July  1987  882  NGM  Analysis:  580  mb  heights 

(top)  and  surface  pressure/10OO-5OC  mb  thick¬ 
ness  ( bottom ) . 
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iiqnt  to  moderate  out  of  the  northwest  (Kioesel,  et  al., 

Irf-S-.  .  The  synoptic  report  by  ELF28  at  Q)ii<d<dZ  <1700  local) 

snowed  the  following  surface  meteorological  parameters: 

b  octas  total  cover 
True  wind  340/18 

Relative  wind  30  deg  stbd  40  kts 

C/S  235/21 

1023.0  mb 

ISC  Ta 

15C  Td 

No  Tw  reported 
8  octas  Sc 

The  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  f^ig.  26.  Also 
the  sniptrack  is  located  in  an  area  of^  atratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  38.76N  140. 48W,  while  the 
position  derived  from  ELF28's  synoptic  reports  is  38.67N 
140. 44W.  This  difference  in  positions  is  approximately  5.91 
nautical  miles.  The  identity  of  ELFZ8  is  the  Merchant 
’wssei  Nosac  Skaukar ,  a  RORO  car  carrrier.  This  vessel 
utilizes  diesel  engines  for  propulsion. 

K.  JKES 

Tne  ship  JKES  was  observed  in  an  overpass  of  NOAA-9  at 
. ..-.'Oi;  vl6i5  local)  on  11  July  1987  <Fig.  28).  The  synoptic 
aituat^en  is  discussed  in  section  :)  and  is  shown  in  fig.  27. 


Tl'ie  synoptic  report  by  JKES  at  OOOOZ  (17GiO  local)  showed  the 

following  surface  meteorological  parameters: 

8  octas  total  cover 

True  wind  280/7 

Relative  wind  C  deg  35  kts 

C/S  280/28 

1028.2  mb 

18C  Ta 

ICC  Td 

15C  Tw 

No  low  cloud  code  reported 

The  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  28.  The 
position  of  the  ship  track  in  this  image  is  40.34N  141. 94W, 

whiie  the  position  derived  from  JKES'  synoptic  reports  is 
-i0.27M  141. 9iW.  This  difference  in  positions  is  approxi¬ 
mately  4.57  nautical  miles.  The  identity  of  JKES  is  the 
Merchant  Vessel  Mackinac  Bridge.  This  vessel's  type  and 
propulsion  are  yet  unidentified. 


L.  3F0C 

The 

ship 

3F0C  was 

observed 

in 

an 

overpass 

of 

NOAA-9  at 

2335Z  < 

.1625 

local)  on 

11 

July 

1987 

(Fig  29) . 

The  synoptic 

31 tuation  is 

discussed 

in 

section 

1 

and  is  shown 

in  fig.  27. 

Fig.  29.  Channel  3  Imagery  ahowing  3F0C:  2335Z  on  11  July 

1987  . 
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Trie  synoptic  report  by  3F0C  at  (2>0&0Z  (17&0  local)  showed  the 

following  surface  meteorological  parameters: 

8  octas  total  cover 
True  wind  2&<2>/3 

Relative  wind  5  deg  stbd  3<d  kts 

C/S  105/25 

1027.0  mb 

ISC  Ta 

ISC  Td 

16C  Tw 

8  octas  St 

The  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  29.  Also 
the  shiptrack  is  located  in  an  area  of  stratus  within  the 
image,  which  is  reported  by  the  ship.  The  position  of  the 
ship  track  in  this  image  is  41.48N  140. 47W,  while  the 

petition  derived  from  SFOC's  synoptic  reports  is  41.33N 
i40.37w.  This  difference  in  positions  is  approximately 
10.82  nautical  miles.  The  identity  of  3F0C  is  the  Merchant 
■'.’ijssei  Appolo  Peak,  a  general  dry  cargo  ship.  This  vessel 
utilizes  direct  drive  oil  burning  engines  for  propulsion. 

M.  9V00 

The  ship  9V0Q  was  observed  in  an  overpass  of  NOAA-9  at 
4 1835  local)  on  11  July  1987  (Fig.  30).  The  synoptic 


Situation  IS  discussed  in  section  J  and  is  shown  in  fig 


'*>’7 


Fig.  30.  Channel  3  Imagery  showing  9V0Q:  23352  on  11  July 

1987. 
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The  synoptic  report  by  9V0Q  at  0000Z  11700  local)  showed  the 

loiiowinq  surface  meteorological  parametei's: 

8  octas  total  cover 
True  wind  320/17 

Relative  wind  30  deg  port  20  kts 

C/S  110/28 

1028.7  mb 

19C  Ta 

17C  Td 

No  Tw  reported 
3  octas  Sc 

The  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  30.  Also 
the  shiptrack  is  located  in  an  area  of  stratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
tne  ship  track  in  this  image  is  41.39N  134. 37W,  while  the 
position  derive  from  9V0Q's  synoptic  reports  is  41.37N 
This  difference  in  positions  is  approximately  1.34 
nautical  miles.  The  identity  of  9V00  is  the  Merchant  Vessel 
Neptune  Garnet,  a  container  ship.  This  vessel  utilises 
direct  drive  oil  burning  engines  for  propulsion. 

N.  ELHB9 

The  ship  ELHB9  was  observed  in  two  successive  overpasses. 
The  first  observation  was  in  an  overpass  of  NOAA-IO  at  1609Z 
local'  on  13  July  1987  (Fig.  31).  Fig.  32  shows 
synoptical iy ,  the  upper  level  ridge  has  moved  eastward  over 
the  Pacif^ic  Northwest.  While  at  the  surface  the  subtropical 
liigh  lias  moved  northwestward  and  the  inland  thermal  low 
strengthened  somewhat.  Winds  have  increased  and  are  still 
'_ut:  of  the  northwest  (Kloesel,  et  al.,  1988J.  The  synoptic 
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Fig.  31.  Channel  3  Imagery  showing  ELHB9:  1609Z  on  13  July 
1987. 
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Fig.  32.  13  July  1987  12Z  NGH  An«lyai«:  mb  heights 

(top)  and  surface  pressure/l^OO-SCiG*  mb  thickness 
( bottom ) . 
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1.  epol  t  Dy  ELHB9  at  lS0t5Z  (lltlid  local)  showed  the  following 

iuriace  meteorological  parameters: 

S  octas  total  cover 
True  wind  300/7 

Relative  wind  5  deg  stbd  35  kts 

S/C  290/25 

1016.7  mb 

1 6C  T  a 

14C  Td 

16C  Tw 

8  octas  Sc 

The  direction  of  the  ship  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  31.  Also 
the  shiptrack  is  located  in  an  area  of  stratocumulus  within 
the  image,  which  is  reported  by  the  ship.  The  position  of 
riie  ship  track  in  this  image  is  35.28N  123. 43W,  while  the 
position  derived  from  ELHBS's  synoptic  reports  is  35.14N 
li3.48W.  This  difference  in  positions  is  approximately  8.92 
nautical  miles. 

The  next  observation  of  ELHB9  is  in  an  overpass  of  NOAA-9 
at  23032  (1603  local)  on  14  July  1987  (Fig.  32).  Fig.  33 
snows  synoptically ,  the  upper  level  ridge  continues  to  move 
inland.  At  the  surface,  the  subtropical  high  strengthens 
and  moves  eastward  while  the  inland  thermal  low  also  in- 
credBes  in  intensity.  This  coupling  increases  winds  over 
the  area  of  interest  (Kloesel,  et  al.,  1988).  The  synoptic 
report  by  ELHB9  at  O0O0Z  <1700  local)  showed  the  following 
“urface  meteorological  parameters: 
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Fig.  32.  Channel  3  laagary  ahowlng  ELHB9:  23032  on  14  July 
1987. 
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Fig. 


33.  15  July  1987  0CZ  NGK  Analysis:  5*30  mb  heights 

(top)  and  surface  pressure/lOCiC-SC'io  mb  thickness 
( bottom  > . 
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6  octas  total  covei- 
True  wind  03C»/25 

Relative  wind  54)  deg  stbd  30  kts 

C/S  280/25 

1025.2  mb 

17C  Ta 

14C  Td 

18C  Tw 

6  octas  Sc 

Tne  direction  of  the  snip  track  matches  well  with  the 
relative  wind  direction  and  the  analysis  in  fig.  32.  Also 
trie  shiptrack  is  located  in  an  area  of  stratocumulus  within 
the-  image,  which  is  reported  by  the  ship.  The  position  of 
the  ship  track  in  this  image  is  38.71N  136. 08W,  while  the 
peeitien  derived  from  ELHB9'a  synoptic  reports  is  3S.73N 
iiC.vlW.  This  dii'ference  in  positions  is  approximately 
Jc.1’7  nautical  miles.  The  identity  of  ELHB9  is  the  Merchant 
Neptune  Agate,  a  container  ship.  This  vessel  uti¬ 
lizes  diesel  engines  for  propulsion. 
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IV.  ANALYSIS 


Tmrteen  case  studies  were  presented  with  discussions  of 
T-ynopt-ic  patterns  as  well  as  local  surface  conditions, 
'iiiie  i  suriiniar  ices  this  data,  and  also  includes  propulsion 
type  and  ship  to  ship  track  separation  information.  Also  by 
oPservinq  the  relation  between  relative  wind  and  distance 
Detween  ship  and  ship  track  (fig.  38),  factors  involved  in 
oeneration  of  ship  tracks  should  be  able  to  be  postulated. 
ii  aovection  o±‘  the  CCN's  was  the  driving  force  a  positive 
‘•iiaLi.  on  Detween  relative  wind  and  ship  to  ship  track  sepa¬ 
ration  vobld  be  shown  (dashed  line  in  fig.  34).  Conversely, 
if  the  momentum  (turbulence)  wake  astern  of  the  ship  were  an 
iiiiiiortant  factor  a  negative  relation  should  exist  (solid 
line  in  fig.  34).  Fig.  34  shows  that  neither  of  these 
Situations  clearly  exist,  and  suggests  that  ship  track 
r  a 1 1  on  is  a  complicated  process  that  involves  more  than 
tho:,o  two  techniques  alone.  In  addition,  the  steam  and  oil 
'-ngine  propelled  ships  had  a  smaller  separation  distance 
tr.an  did  the  diesel  platforms  (4.81  and  4.64  nm  vice  11.66 
nr  .  f\  possible  hypothesis  for  this  situation  is  that  the 
plume  dynamics  and  CCN  concentrations  are  different  for  each 
r  c.'  r>  u  1  i  1  o  n  class. 
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Relative  Wind  (kts) 


-  Oil  2  Steam  ^  Diesel 


FI9.  34.  RftlAtlv*  Wind  vmrmum  Separation  of  ahip  fron  ahip 

track:  dashed  1 ine- -advect ion  effect 

solid  1 ine- -turbulent  wake  effect 
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meteorological  parameters  were  found  to  be  the 


to;  .owing  comp'osite: 

7.9  octas  total  cover  (6  -  S  octas> 
True  wind  13.5  kts  (3  -  26  kts) 
Relative  wind  29  kts  (.(2>  -  50  kts) 
1021.1  mb  C1014.S  -  1027.2  mb) 


18. 

9C 

Ta 

(21C  - 

130 

17. 

6C 

Td 

<18C  - 

120 

18. 

2C 

Tw 

(21C  - 

120 

.  8C 

Ta-Tw 

( -4C 

-  40 

7.6  octas  St/Sc  (3-8  octas) 

On  the  average,  the  ship  track  environment  is  characterized 
Ly  Migh  humidity,  cool  temperatures,  low  broken  to  overcast 
skies,  a  moderate  wind,  oceanic  temperatures  near  the  air 
teri.pei  at ure ,  and  all  located  within  a  high  pressure  environ- 
I'oiit.  This  character  1st  1C  environment  is  not  extraordinary 
v'hen  compared  with  climatological  conditions  during  July  in 
the  north  F'acific  (Fett,  et.  al.,  1979;  Kloesel,  et . 


a  1  .  ,  1  >  . 

mentioned  in  an  earlier  section,  the  area  of  greatest 
erroi s  are  in  the  specific  measurements  of  air  temperature, 
dewpoint,  and  sea  surface  temperature.  Although,  scientifi¬ 
cally  these  errors  can  be  significant,  the  data  still  por¬ 
tray  a  general  picture  of  the  composite  ship  track  environ- 
nient  .  /.Isc,  with  only  thirteen  cases  which  occur  throughout 
Che  maiority  of  the  eastern  Pacific  basin  (24N-46N  and  117W- 
143.))  statistics  are  not  reliable.  A  statistical  separation 
aoes  not  seem  to  exist  between  the  composite  ship  track 


Tfir.xi  oi-dit-nt  and  the  typical  July  eastern  Pacific  environ- 
n.ent  .  '.incertaint les  in  the  data  not  withstanding,  this 
result  IS  consistent  with  the  ubiquitous  nature  of  observed 
Si. if  tracks  in  the  eastern  North  Pacific. 
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V 


CONCLUSIONS  AND  RECOHNENDATZONS 


Tn*  purpose  of  this  thesis  was  to  confirm  ship  and  ship 
t-i'ock  coexistence  as  well  as  to  identify  their  surface 
n>eteoro2  ogical  parameters.  Thirteen  case  studies  were 
presentee  with  discussions  of  synoptic  patterns  as  well  as 
local  surface  conditions.  The  primary  result  is  that  thir¬ 
teen  different  ships  were  conclusively  identified  as  origins 
■ f  obisrved  ship  tracks. 

No  clear  generation  mechanism  was  seen  in  a  comparison  of 
clative  wind  and  ship  to  ship  track  separation.  This  would 
-ndicate  that  the  generation  of  ship  tracks  is  a  complicated 
pi  -'ceos  that  involves  many  factors.  Although,  in  this 
inalyiis  steam  and  oil  propulsion  plants  showed  a  smaller 
'  a  .  .I  i  nm  and  4.64  nm)  separation  of  ship  to  ship  track  than 
die  diesel  power  plants  (11.66  nm>. 

Tlie  general  composite  of  the  ship  track  environment  does 
net  show  significant  departures  from  normal  conditions  in 
the  eastern  Pacific  basin  during  July.  This  is  consistent 
with  the  fact  that  observed  ship  tracks  are  numerous  in  the 
--Cior.  during  July. 

Future  research  into  the  ship  track  environment  will  take 
numerous  avenues.  Some  priority  areas  should  be: 
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--Ship  track  radiative  character i st ics  and  appearance 
vcciija  ahip  type.  Thia  research  should  continue  to  enhance 
the  database  and  enable  real  time  classification  from  image- 
r  >• . 

--Craft  of  Opportunity  (COO),  should  be  employed  to 
1  .iither  deline  the  environment  in  which  ship  tracks  develop. 
Tr.  iteen  ships  have  been  identified  in  this  thesis  as 
"qener ators" ,  efforts  should  be  made  to  ride  these  ships 
tiiicugh  favorable  environments  (the  Keystone  Canyon  makes 
voyao-^fS  between  Valdez,  AK  and  the  Panama  Canal)  and  accu- 
tateiy  rneasute  surface  meteorological  parameters  to  include 
-iji-  t  eiiiper  ature ,  dewpoint,  surface  pressure,  sea  surface 
t  vmpei ature ,  ten  meter  winds,  and  any  others  deemed  relevant 
L.  y  future  research.  Also,  since  it  is  not  well  documented, 
a?-i.idies  of  the  turbulent  boundary  layer  astern  of  the  ship, 
and  the  characteristics  of  the  exhaust  plume  would  be  criti¬ 
cal.  Exact  (Global  Position  Satellites)  position  informa¬ 
tion  would  be  important  to  the  study  of  separation  of  ship 
}  ;  oni  chip  track  . 

--Snips,  in  the  vicinity  of  ship  tracks  and  else- 
which  do  not  make  ship  tracks  should  be  studied, 
beginning  with  an  overview  of  the  surface  meteorological 
parameters,  and  eventually  integrating  with  COO  investiga¬ 
tions.  COG  measurements  can  be  made  when  there  is  no  appar- 
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nt  ship  track  rn  a  satellite  overpiaae.  Then  a  scientll'i- 
aily  accurate  comparison  can  be  accomplished  between  the 
i.if'  track  and  no-ship  track  environments.  <■ 

Ship  tracks  have  now  been  positively  associated  with  their 

I 

enerating  platforms.  A  significant  foundation  is  in  place 
■cv  future  research  into  ship  track  genesis. 
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